A TRANSMISSIBLE AGENT (THEILER'S VIRUS) IN THE INTESTINES OF NORMAL MICE by Olitsky, Peter K.
A  TRANSMISSIBLE  AGENT  (THEILER'S  VIRUS)  IN  THE 
INTESTINES  OF  NORMAL  MICE 
BY  PETER  K.  OLITSKY, M.D. 
(From the Laboratories of The Rockefeller Institute for Medical Research) 
(Received for publication, May 10,  1940) 
Spontaneous  encephalomyelitis of  mice--Thefler's  disease--is  of  con- 
siderable interest from at  least  two points  of view: its widespread, geo- 
graphic  distribution  and  its  resemblance  in  several  characteristics  to 
poliomyelitis of man.  The disease was first observed by Theiler (1), and 
later by Sabin and Olitsky (2)  among Rockefeller Institute  (2) and Swiss 
(1)  strains  of stock albino mice; then its  existence in  Germany  (3)  was 
reported, later in Japan  (4),  and recently in Palestine (5).  Its similarity 
to poliomyelitis is striking; it is now commonly designated as "poliomyelitis 
of mice" (4).  The features of the two maladies having closest resemblance 
are  size  and  thermal  inactivation  of  their  causal  agents,  action  on  the 
central  nervous  system,  the  pathological  changes  induced,  the  clinical 
reactions, and certain epidemiological factors. 
The size (9 to 13 m/~) of the causal agent of the spontaneous disease of mice (1, 9) is 
practically the  same as that of the poliomyelitis virus.  This is  especially significant 
since the size is in the minimal range for viruses and thus far only one other virus as 
small has been encountered, namely, that of foot-and-mouth disease.  In addition, the 
writer has shown that thermal inactivation (50-55°C. for 30 minutes) of the active agent 
of mouse encephalomyelitis, as present in the brain or intestinal contents, takes place 
at about the same temperature required to inactivate poliomyelitis virus (6). 
The  action of both viruses is chiefly on  the  central nervous system.  The  mouse 
agent induces lesions only in the nervous system (1) and it is from the spinal cord that 
the maximum amount of virus can, as a rule, be recovered (1, 4).  The lesions of neuronal 
necrosis, neuronophagia, perivascular mononuclear cell infiltration, and glial cell pro- 
liferation, occurring mostly in  the  cord and  in  the anterior horns  thereof  (1,  4);  the 
sparseness of reaction in the cortex, taken together with the slight or absent meningeal 
involvement (4), are similar in nature to the pathological changes of poliomyelitis  in man 
and the experimental disease in the monkey. 
The clinical picture of Theiler's disease is in many respects like that of poliomyelitis, 
especially in  the  occurrence of the  characteristic flaccid paralysis of the  extremities, 
associated with a  fairly rapidly developing muscular atrophy and followed by contrac- 
tures and deformities (1,  4).  Furthermore,  the nervous signs arise after a  period of 
incubation of from 5 to 7 to over 30 days and have an average duration of 10 days (4). 
A certain degree of likeness exists in the incidence of the two maladies.  The mouse 
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affection has been estimated to occur in one of 2,000 (1) or one or two of 1,000 (2)  pur- 
chased or stock animals.  In the writer's recent series of over 5,000 stock mice examined 
--normal ones and those inoculated with different materials by various routes--not a 
single, clinically apparent case of Theiler's disease was observed to arise spontaneously. 
Another similarity is noted between poliomyelitis and the experimental Theiler's disease: 
susceptibility to both infections depends on age.  Almost all suckling mice die without 
visible signs of paralysis, but with increasing age the incidence of paralysis increases and 
that of mortality decreases, to about 6 or 7 weeks of age; in older mice there is generally 
a greater resistance  to inoculation (1).  The resistance has been ascribed (1) to an im- 
munity which is built up gradually by older animals,  although Theiler, and Theiler and 
Gard (7) have not shown definitely as yet that production of increasing viral neutralizing 
bodies is the basis,  The influence of increasing age on the increased incidence of anti- 
bodies and of resistance  to clinically apparent poliomyelitis in man is now well known, 
although the reason for the resistance of older persons may rest on the different grounds 
of physiological  or structural barriers which may develop with age (cf.  Sabin  and 
Olitsky, 8). 
Finally, attention is called  to the fact that the two diseases were found, in earlier 
experiments by Theiler (1), to be distinct, with no relationship between them in host 
susceptibilities  and immunological reactions.  A final word on this subject is, however, 
still to be said, and the problem is now being studied anew by Theiler and by the writer. 
However the problem of the relationship of the two diseases  is  solved, 
the malady of the  mouse is one  that may be profitably investigated,  es- 
pecially since the virus is not recoverable from the blood but is obtained 
regularly from the central nervous system (1, 4) and, as recently determined 
(7,  11, 12), also from the intestinal tract, and it might be hoped that facts 
got  therefrom can  be  carried  over to  studies  on  poliomyelitis.  The  ad- 
vantages of such a procedure are plain:  there exists the difficulty in polio- 
myelitis research of having ample and regular supplies of monkeys at hand 
and their cost is high; moreover, experimental poliomyelitis is not a natural 
disease of the monkey, whereas Theiler's disease is indigenous in the mouse. 
Thus  we  have  shown  the  grounds  for our  interest  in  spontaneous  en- 
cephalomyelitis of mice  1  and in view of the current discussion on the presence 
of virus in the feces of patients having poliomyelitis, and of healthy con- 
tacts with the disease, as well as in sewage originating from epidemic areas 
(6,  10), it was  thought desirable to study the intestinal  contents of mice 
having the Theiler-disease syndrome. 
In two recent brief papers (11, 12) it was reported that at the outset of this study (11), 
brain, also the intestinal contents, of a mouse the only visible sign in which was circling 
gait, were injected intracerebrally--the brain in four normal mice and contents in four 
others.  Only one of the eight developed encephalomyelitis  resembling Theiler's disease, 
1 The writer is grateful to Dr. Max Theiler of the International Health Division of 
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and that one had received intestinal contents.  In view of the fact that the source of 
the material was a mouse, the only sign in which was circling, and the brain of which at 
autopsy contained no virus, the animal could not be considered as having had Theiler's 
disease at  that  time.  However,  the  single positive result was considered significant 
and the first experiment was followed by several others in which were investigated the 
brain and intestinal contents of mice having characteristic Theiler's disease, either the 
spontaneous or the experimental form.  The results of the next four series revealed that 
in each test the paralyzed mice harbored a readily transmissible active agent resembling 
the virus of Theiler's disease, not only in the brain but also in their intestinal contents.  ~ 
From this point studies were continued with normal mice.  The latter, as well, were 
found to harbor this transmissible active agent in their intestinal contents. 
It was shown (12) that the encephalomyelitis-producing agent was not detectable in 
the intestines of normal mice from the fetal stage to 12 days of age, and this was true 
regardless of its presence in or absence from the mothers' intestines.  After weaning, 
however, at 20  to 25  days of age, it was demonstrable, although irregularly.  Every 
experiment, then, of the eighteen undertaken with mice 30 days old, in which were tested 
the contents of one mouse or pooled material from two to five normal animals, usually 
three, yielded positive results.  Thus, of 130 mice injected intracerebrally with the fil- 
tered intestinal contents derived from 60 normal mice, 123 developed signs resembling 
Theiler's disease.  On the other hand, in old normal mice (6 months or older in age), the 
virus was still present but was  recoverable with less regularity than  from  the  young 
adults.  It is of interest that it was not detected in the brains of normal mice  (thirty- 
two were so examined) even though the  same  animals harbored it  in  their  intestinal 
contents. 
Preliminary experiments were undertaken (12) with the object of determining a cause 
for the absence of the active agent from the intestines of normal, unweaned mice up to 
the age of 12 days.  It was found that the mothers' milk had no neutralizing capacity, 
nor did it contain the active agent; that pregnant animals purposely brought down with 
encephalomyelitis by means of intracerebral inoculation, bore young that, at the age of 
1 to 5 days, were free of the infective material. 
With respect to the problem of the presence of the intestinal agent after weaning, it 
was demonstrated  (ll)  that  the animals' food--both fluid and  solid--was uncontam- 
inated by the virus.  Later, Theiler and Gard (7) revealed, however, that feces passed 
by normal mice contain the encephalomyelitic  agent as do the intestinal contents,--a fact 
which we readily confirmed.  The problem then  turned  towards determining whether 
food contaminated with the infective agent present in feces could bring about a persistent 
carrier state in  the weaned and older mice.  Theiler and  Gard (7)  have investigated 
the presence of the virus in feces:  stock mice 6 weeks of age, kept in special platform 
cages to avoid fecal contamination and given sterile food, passed feces which were con- 
tinuously infective for at least 53 days.  The further problem, whether feces-contam- 
inated food can initiate the infection, is still to be solved (9). 
Finally, mention has already been made (7, 11,  12)  of the fact that cross-active im- 
munity exists between the mouse-passaged disease, induced by intracerebral injection 
of nervous tissue originally derived from spontaneous encephalomyelitis, and the infec- 
The writer is indebted to Dr. A. B. Sabin and Dr. Max Theiler for the use of several 
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tion brought about by intracerebral inoculation of filtered intestinal  contents secured 
from normal mice.  It is therefore justifiable  to conclude that the active agent in the 
latter material is a strain of Theiler's virus or is closely related thereto, especially since 
its properties in general are indistinguishable from those of the latter (7,  11, 12).  The 
active  agent found  in  normal mouse  intestines  will,  for present  purposes,  be  called 
"intestinal  virus." 
In this  paper,  the  results  of the  experiments  thus  far  reported  (11,  12) 
on the intestinal  virus will be elaborated and certain  of its other properties 
will be described, including its relation to the virus that induces spontaneous 
Theiler's disease. 
EXPER  r~F.NTAL 
Methods and Materials.--To obtain virus for experimental  purposes,  the intestinal 
contents of 30- to 40-day-old albino mice of the Rockefeller Institute strain were used. 
The contents of from one to five mice--pooled when more than one was available--were 
expressed from a varying Iength (usually 10 inches) of the small intestine and ground 
with sand in a mortar, in plain broth or in saline solution when the material was intended 
for animals other than mice.  The suspension made up to from 5 to 10, usually 8 per 
cent, was spun in a horizontal centrifuge at 2,500 R.P.M. for 10 to 20 minutes and the 
supernatant fluid passed once through a small Berkefeld V filter, or through a single-pad, 
small Seitz filter.  The filtrate,  after being seeded in broth or on agar media,  rarely 
yielded growth of bacteria supposedly of intestinal origin; nevertheless, the intracerebral 
inoculation of such "contaminated" filtrates did not, as a rule, interfere with the specific 
effect; the occasional reaction due to the cultivable bacteria could be easily identified as 
such.  Five to fifteen, usually six to ten albino mice 20 to 40 days of age were used for 
each series  of tests and the dosage for intracerebral inoculation was 0.03 co. ~  For sub- 
sequent transfer, either the brain and cord, or again the intestinal contents of an animal 
showing signs of experimental encephalomyelitis, were employed successfully.  Inocu- 
lated animals which failed to react within 40 days were designated as negative. 
The diagnosis of the specific experimental  disease was based upon the presence of 
(a) flaccid paralysis which developed from 7 to 37 (usually 10 to 20) days after inocula- 
tion; (b) characteristic histopathological lesions in the central nervous system  4 and lack 
of changes in other tissues;  (c)  positive transmission  to fresh mice, by cerebral route, 
of 10 -I dilution of brain and spinal cord (or cord alone in animals which had been par- 
alyzed for a  period  longer than  5 days); and finally  (d)  the demonstration  of cross- 
immunity in animals convalescent from spontaneous Theiler's disease and from experi- 
mental intestinal virus infection. 
Age of Carriers  of Intestinal  Virus.--In  the preliminary  communication 
(12)  it was shown that fetal and suckling mice tested up to the 12th day were 
3 All operations on animals were made with the aid of full ether anesthesia. 
4 We have also found that an occasional neuron shows Cowdry type B  intranuclear 
inclusions, similar  to those seen in human and monkey poliomyelitis (6), in the early 
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free of intestinal virus; those 20 to 25 days of age revealed its presence irregu- 
larly,  30-day-old ones invariably,  and old mice  (6 months or older), again 
irregularly.  There was a wide gap of unrecorded instances of the incidence 
of intestinal virus in the ages between 30 days and 6 months or over.  The 
records  of  some  of these ages and  also those of additional  tests with  30- 
day-old mice are presented in Table I. 
It  will  be observed from  the  table  that  30-day-old  animals,  including 
those at varying ages up to about 7 weeks, harbored virus in the intestinal 
contents, a  10 -1 dilution of which, on transfer intracerebrally to other mice, 
exhibited  a  high  percentage  of  incidence  of  encephalomyelitis.  On  the 
other hand,  intestinal filtrates of mice, 51  to about  100 days of age, while 
yielding  virus  in  every  trial,  showed  a  lower percentage  of  incidence  of 
paralysis in inoculated mice.  The decreased incidence in the latter series 
can probably be ascribed either to a gradual loss of viral content in the in- 
testines with increasing  age, or to inclusion in the pooled samples of each 
test of the contents of an older mouse which at that age may have been free 
of virus.  In this connection, the finding of Theiler and Gard (7), that with 
time a certain number of mice cease to be carriers, is supported.  It is also 
plain  that  feces contain  the virus  (Table I),  a  fact first demonstrated  by 
the latter observers (7), and that apparently normal stock mice, as well as 
those paralyzed  during  the  course of experimental  encephalomyelitis,  are 
carriers.  Furthermore,  no  distinction  can  be  made  between  the  effect 
of material  derived from well and  that  from paralyzed animals--contents 
from normal mice and from paralyzed ones were active to the same end- 
point of dilution,  10 -3 . 
If the  numerical  results  now presented  are  added  to  those  already  re- 
corded  (12),  a  striking  fact emerges.  Thus in  the  combined series,  com- 
prising 47 experiments on mice 20 days of age or older, in which 167 normal 
stock animals were used as sources of intestinal contents  (or feces), all but 
three of the tests were positive for the presence of virus; of the latter three, 
two were made with the contents of mice 20 days old, and one with material 
from  animals  6  or  more  months  of  age.  Still  more  striking  is  the  fact 
that in this combined series 33 experiments were made with the intestinal 
contents or feces derived from  124 normal mice of an  age from 30 to 49 
days; not only were all the individual tests positive, but of 255 mice inocu- 
lated with the material,  237 came down with the paralysis of experimental 
encephalomyelitis--a  case incidence of about 93 per cent. 
The  10 -1  dilution  of  filtered  intestinal  contents  which  was  employed 
would represent an amount of virus which is probably 10 to  100,  or even 
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TABLE  I 
Age at Which Intestinal  Contents of Normal  Mice and  Those Having Encephalomyelitis 
Contain Virus (Data Additional to Those Already Reported (11)) 
Experi- 
ment 
Ato G 
A 
A 
A 
B 
A 
B 
A 
A 
No. 
26 
I0 
Source mice 
Age 
days 
3O 
35 
36 
37 
40 
42 
46 
48 
49 
51 
60 
67 
About 100 
History 
Normal  stock 
Cg  ~ 
Paralyzed 2 to 
4 days 
Paralyzed 1 and 
3 days 
Normal  stock 
Paralyzed 1 and 
2 days 
Normal stock 
Paralyzed  43 
days 
Test mice 
Contents in- 
jected intracere- 
brally 
No.  No. 
(30 days  ara- 
old)  ~zed 
60  53 
10  8 
7  7 
10  9 
10  9 
6  6 
6  6 
10  10 
7  7 
6  6 
i 
6  6 
! 
8  5 
8  5 
6  4 
8  4 
i 
Remarks 
Summary of 7 different tests with 
pools of 3 to 5 mice in each 
Only feces used--collected over a 
period of 3 hrs. 
Intestinal vires inoculated intra- 
cerebrally in source mice 
Spontaneous Theiler's disease ot 
source mice 
171st  passage  of  spontaneou: 
Theiler's  disease in source mice, 
Brain and cord of source mice 
negative for virus 
for viral activity by the intracerebral route, the end-point was determined 
at not higher than 10  -3 to 10 -3 dilution; the end-point of activity of tissue 
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myelitis  caused  by  Theiler's or  intestinal  virus  is,  by  intracerebral  test, 
about  10 -6 .  Further  experiments on quantitative relationships  are,  how- 
ever, now being carried on. 
What is here disclosed is the extraordinary distribution of the intestinal 
virus in normal mice--it is almost invariably found in all animals of young 
adult and mature life.  Moreover, it is present then in the intestinal con- 
tents in an appreciable quantity, for it is clear that in such material there 
must be a  considerable amount of  inert solid and fluid, and little cellular 
substance. 
Source of Intestinal Virus.-- 
Theiler and Gard (7) have presented evidence to show that the persistence of intestinal 
virus in normal mice is not due to continuing contamination from some outside agency 
but to some condition present in the mouse itself.  We have demonstrated (12), as have 
also the writers just mentioned (7), that no virus is found in the central nervous system 
of normal mice.  Nor is virus recoverable from their salivary glands or nasal mucosae 
(11), and in a repetition and extension of the latter experiments, none was detected in 
any part of the head of a normal mouse (7).  Theiler and Gard therefore concluded 
from these and other results that the source of infection is probably the small intestine 
and not a point further up in the alimentary canal. 
Gall-Bladder  and  Pancreas.--Since  the  gall-bladder  and  pancreas  have 
direct  connection  with,  and  excrete  material  into  the  intestinal  tract, 
attempts  were  made  to  determine  whether  the  organs  contained virus. 
In  duplicate  experiments,  in  which  eight  normal  30-  to  40-day-old mice 
were employed, pooled intestinal  contents  of which  yielded virus  as was 
to be expected, neither gall-bladder  (nor bile)  nor pancreas, prepared and 
injected intracerebrally in thirty-six mice, gave rise to any viral effect. 
Mesenteric  Glands.-- 
The mesenteric glands were removed surgically from normal mice or those paralyzed 
after intracerebral inoculation of filtered intestinal contents derived from normal animals. 
Suspensions of the glandular tissue in broth in concentrations of 1:2 to 1:10 were pre- 
pared and these were injected intracerebraUy in 30-day-old mice.  The details of the 
various experiments are summarized  in Table II. 
It will be noted from the tabulated results that in five experiments only 
four  mice  were  brought  down  with  encephalomyelitis,  although  59  were 
inoculated  with  the  mesenteric  glands  culled  from fifteen mice.  Theiler 
and  Gard  (7)  reported  somewhat  similar  results--though  even  a  lower 
case  incidence  of paralysis  was  induced  in  their  trials.  Moreover,  it  is 
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for  inoculability  (1:2)  and  for  infectivity  was  reached.  One  is  justified 
in  concluding,  therefore,  that  small  amounts  of virus  can  be  detected  in 
the  rnesenteric  glands,  albeit  irregularly. 
Intestinal  Walls.--Thus  far  in  the  present  investigations,  recovery  of 
virus  from  the  intestines  of  normal  (or  paralyzed)  mice  has  meant  only 
its isolation  from intestinal  contents or feces.  An attempt  was now made 
to determine  whether virus resides in the intestinal  wall itself.  That walls 
TABLE  II 
Virus in Mesenteric Glands 
z  Source mice 
kgl  History 
Iay 
43  Injected  intra- 
cerebrally with 
intestinal  con- 
tents of normal 
mice.  Para- 
lyzed 3 days 
'-(  Same.  Paralyzed 
3,  6,  and  19 
days 
60  Normal stock 
42  Same 
67  " 
Virus in 
intestinal 
contents 
+ 
Not 
tested 
-b 
q- 
+ 
No. 
of  Preparation 
ands  of glands 
lsed 
8  Suspension 
diluted 
1:2 to 1:4 
9  Same 
20  " 
20  1:2; 1:10 
20  1:5 
Te,* 
Inj 
int] 
b 
8 
8 
8 
17 
18 
lee 
;d 
re- 
Y  Remarks 
fro. 
ara- 
,zed 
0 
2  1: 2 suspension of 
glands,  1 posi- 
tive 
1:10  suspension 
of  glands,  1 
positive 
2 
may contain virus has already been  inferred  (7,  12), but the question arises 
of whether they do so because of adherent virus-containing contents. 
In the experiments summarized in Table III, two methods of washing walls of small 
intestines were employed: in the one, the procedure of Theiler and Gard (7), namely, 
directing a  stream of running tap w~ter over the exposed mucosa for fully 2 minutes, 
was followed; in the other,  the washing was done in a flask in four changes of saline 
solution, using 50 to 80 cc. of fluid for each washing and shaking the flask for a  total 
period of 1 hour.  The tissue was then dried gently with blotting paper and treated in 
the same manner as the contents:  5 to 10 per cent (by weight) suspensions in broth were 
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TABLE  III 
Virus in Contents and in Walls of Small Dztestines of Norma  ! and Paralyzed Mice 
No. 
2 
__m 
3 
3 
3 
5 
Age 
days 
43 
30 
3O 
3O 
4O 
40 
Source mice  rest mice 
History 
Injected  intracel 
brally with iv 
testinal virus 
normal  mic~ 
Paralyzed 
days 
Normal stock 
Normal stock 
Normal stock 
Normal stock 
Normal stock 
ilu-  10-I dilu- 
of  fion* of 
nts  wall tissue 
ed  injected 
.'re-  intracere- 
ly  brally 
Io.  No. 
ira-  No.  para- 
~zed  lyzed 
4  8  0 
8  8  3ti 
0  10  3~ 
7  8  7 
4  12  0 
6  6 
6  3 
6  6  0 
6  5 
6  2 
6  0 
Duration  of washing of 
walls 
1  hr. 
Remarks 
1 hr. 
2 min. 
1 hr.  Contents,  1:5 
dilution 
1 hr. 
Unwashed,  10  -1  di- 
lution 
Same, 10  -2 dilution 
,,  10-3  ,, 
Washed, 1 hr. 
Same, 10  -2 dilution 
,,  10-3  ,, 
Both  contents 
and  walls, 
10  -2 +  10  -a 
dilution  re- 
suits  com- 
bined 
* Unless otherwise stated. 
t A later test for immunity (test dose, 10  -I dilution of contents which induced disease 
in all of seven normal mice but not in any of ten convalescents) was given to the five 
residual mice  showing no paralysis; two  proved  resistant. 
:~ In the  same  immunity test  (as  in  Experiment  2),  three  of  six  residual  mice 
showing no paralysis proved resistant. 
feld V filter and 0.03  cc.  of the filtrates, representing equivalent weights of intestinal 
walls or of contents, was injected intracerebraUy into 30-day-old mice (Table III). 
The  results  show  that  the  experimental disease  can  be  transmitted to 
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A  quantitative correlation of the virus contained in both materials is dif- 
ficult to determine since it is not known precisely in just which structures 
it has its origin and consequently how much it is diluted, in preparations 
for inoculation, by inert matter that may be present in both contents and 
walls.  Histological examination revealed that after 2-minute washing the 
mucosa and solitary lymph glands and other structures retained their normal 
appearance,  although a  considerable amount of contents still clung to the 
walls.  After 1-hour washing in the manner described, the mucosa, except 
for the deepest layer, was washed away; the lymphatic glands and other 
structures remained whole and contents still adhered to the inner surface 
of the gut, although in traces, and then only in a  spotty distribution.  In 
view of the activity of contents in comparatively low dilution, it is not con- 
ceivable that the latter lends to the intestinal walls their activity.  Taken 
in conjunction with the positive results obtained previously (7), the present 
ones point  to  the fact that  the  intestinal walls themselves harbor  virus, 
although the particular place of the virus among their different structures 
has not as yet been fixed.  The results of the following experiments on the 
effects of feeding croton oil might add support  to the idea that the virus 
resides within the walls. 
Experiments with Croton OiL--The object of these tests was to eliminate 
the  contents of  the gut  by  drastic purgation  and  to  determine  whether 
shortly thereafter virus could be detected in the new contents. 
It was found, after a number of trials, that the effective dosage of croton off for the 
purpose in view was 0.5 cc. of a 10 per cent dilution of the off in olive oil, given by gavage, 
under ether anesthesia.  This amount was fed daffy for from 1 to 5 days.  The pro- 
cedure was to feed enough croton oil to induce death of one-third to one-half the number 
of test mice, thus making certain that a drastic effect was secured, and to carry out a 
study of the contents of the small intestines of the survivors.  The mice responded to 
the treatment by profuse semifluid, then fluid diarrhea, often showing blood-tinged stools 
which at times were associated with prolapse of the rectum; rapid and marked emacia- 
tion  and  cessation  of activity.  Histological  examination  of the  intestines revealed 
necrosis with cellular, inflammatory reaction of the mucosa after one or two doses, and 
sloughing off of practically the entire membrane after three to five treatments.  In 
certain ones the large masses of blood clot were formed in the lumen.  In none was 
the central nervous system involved. 
In spite of the action of croton oil as a  drastic purgative,  and its effect 
on  the  intestinal  mucosa,  the  pale-yellowish, mucoid intestinal  contents 
of mice  a  day after receiving  one  or more  daily doses  of  croton  oil  still 
yielded  virus. 
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clinical signs of Theiler's disease, i.e., the marked reaction of the intestinal 
lining failed to invite progression of the virus from the contents through 
the  wall  to  the  central  nervous  system. 
Thus, it was first determined by means of positive transmissions  obtained with their 
filtered feces, that a series of 35-day-old normal mice harbored intestinal virus.  No 
food was given and the mice were kept isolated in separate cages  having perforated plat- 
forms in order to prevent fecal accumulation and coprophagy.  They were then given 
croton oil by garage.  24 hours after one treatment, the pooled intestinal contents of 
two of the mice, in 10  -1 dilution, induced paralysis in nine of ten intracerebrally inocu- 
lated animals; so also, after two daily treatments, the contents of three mice were active 
in nine of ten and, after four and five daffy doses, encephalomyelitis  developed in all of 
six and ten injected mice respectively.  The limit of viral activity in the contents was 
at a 10  -8 dilution--thesame end-point of infectivity found in the untreated mice. 
It would appear,  therefore, that seeding or contamination of intestinal 
contents with virus proceeds apace from an origin which is not the contents 
as such, or food, but more likely is within the walls themselves.  Moreover, 
the results in general are in good agreement with those of Theiler and Gard 
(7)  who conclude, from a  wholly different approach to the problem, that 
the  persistence  of intestinal virus  is  traceable  to  a  reservoir  within the 
mouse itself  and  not  to  some outside  source. 
To sum up the foregoing results, the virus is found in normal (and para- 
lyzed) mice in their intestinal contents as well as walls, to a less degree in 
their mesenteric glands and in the  central nervous system; in  the latter 
tissue, however, only in mice having encephalomyelitis but not in normal 
animals. 
The remainder of the present investigation was directed toward a  study 
of certain other properties (11,  12)  of the intestinal virus found in normal 
mice.  The  object  was  to  note  any  difference in  effect between  it  and 
Theiler's virus as it occurs in the spontaneous disease. 
Susceptibility  of Animals  Other than  Mice.--An  attempt was made  to 
convey clinical infection by means of intestinal virus obtained from normal 
mice, to guinea pigs, rabbits, and monkeys.  These animals were injected 
intracerebrally with 0.15,  0.3, and 1 cc. respectively of 20 per cent suspen- 
sions of intestinal contents (about 200 mouse cerebral infective units) and 
intraperitoneally, at the same time, with 2.5,  5,  and 5  cc.  respectively of 
the material.  Moreover, the monkeys received additional similar doses 5 
days after the first administration.  No signs of reaction, including fever, 
were seen in any of the animals during a period of observation of 40 days 
at  least.  Moreover,  serum  from two of  the  monkeys collected 30  days 
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against this active agent, as indicated by the results of the mouse intra- 
cerebral  test.  The insusceptibility of monkeys (1)  and of rabbits  (3)  to 
Theiler's  virus  derived from spontaneous, or its experimentally passaged, 
infection has already been noted.  In respect to resistance of certain ani- 
mals other than mice, the intestinal virus therefore aligns itself with the 
strains of Theiler's virus. 
Route of Inoculation  of Intestinal  Virus.-- 
Evidence is already at hand (11) to show that the intestinal virus which is uniformly 
active by the cerebral route, is not disease-producing when injected sub- or intmcutane- 
ously (abdomen, pads of feet), or applied to the scarified skin, or when fed by gavage 
or by cannibalism of infected mouse brain.  On the other hand, Theiler's  virus, as it 
occurs in the spontaneous or passaged disease, has been shown to be followed by clinical 
signs in small numbers of mice receiving it intranasally (five of twenty mice), subcu- 
taneously (two of twenty), and in the plantar skin (two of ten); but intravenous,  oral, 
intrasciatic,  and intraperitoneal administration was ineffective (4).  Gildemeister and 
Ahlfeld (3) obtained negative results by intranasal, intraperitoneal,  and subcutaneous 
routes of inoculation.  Theiler and Gard (7, 9), however, found that only with certain 
strains of this virus, designated  as "unusually virulent" (e.g., GD VII and FA), can 
paralysis be induced after intranasal and intraperitoneal administration. 
Experiments were undertaken anew (11) to observe the effect of peripheral 
injection of intracerebrally active intestinal virus, derived from normal mice 
32  to 40 days of age. 
One group of mice was given 0.03 cc. of 1 :S dilution of unfiltered contents instilled 
intranasally and the same dose administered again 20 hours later; another received 
intraperitoneaUy  0.5 cc. of filtered material (diluted 1:10);  and the third, unfiltered 
contents, diluted 1:2, applied  to the scarified skin of the tail--a method that proves 
successful in experimental  herpetic infection  of mice for study of induced local and 
nervous signs (13).  The ages of the mice in subgroups of five to ten animals, in which 
the active contents were instilled intranasaUy, were 14, 23, 35, and 90 days and of those 
receiving the material intraperitoneaUy and by cutaneous scarification, 15 and 20 days. 
After  such  injections  of  virus  originating  from  normal  mice,  neither 
characteristic encephalomyelitis, nor local lesions in those receiving active 
material in scarified skin, was induced in any of the animals, except in two 
of ten  14-day-old mice which received material by the nasal route.  The 
latter  two  developed  characteristic  experimental  encephalomyelitis.  In 
the  failure  to  bring  about  regularly,  with  the  intestinal  virus,  clinically 
apparent infection by the peripheral routes mentioned, there is conformity 
with such strains of Theiler's virus, derived ultimately from the spontaneous 
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DISCUSSION AND  SUMMARY 
To the  present  time,  including  additional  experiments still  to  be reported, 
over fifty trials have  been made with intestinal contents collected from 
more than 200 normal mice of ages from 1 to 2 months.  In all of the tests 
in which the contents of one, or pooled similar material of two to five mice 
were studied, a virus was recovered regularly, which produced encephalo- 
myelitis indistinguishable from that of spontaneous Theiler's disease.  The 
virus is probably present in  an  appreciable  amount since  the  contents, 
although naturally containing a great deal of inert material, can be diluted 
from  1:100  to  1:1,000  and still be  infectious.  An interesting biological 
phenomenon' is exhibited by (a)  the almost universal presence of virus in 
apparently healthy mice of certain age; (b) its recovery from the intestinal 
tract and its uniform pathogenicity for the same species by intracerebral 
test;  (c)  the persistence of the carrier state for long periods of the host's 
life;  and  withal  (d)  the  occurrence of  spontaneous,  clinically  apparent 
disease in only one among thousands of animals.  Examples similar, but 
only in certain respects, may be found in other fields of bacteriology: An 
instance is afforded by the observation of Sabin  (14)  relating to  certain 
pleuropneumonia-like  microorganisms.  Although in some stocks of normal 
mice 80 per cent, in others, all animals may carry these microorganisms in 
their nasal mucosae or conjunctivae, the particular type of arthritis which 
can be brought about upon their inoculation into mice has not been observed 
to  occur  spontaneously.  Again,  practically  all  vertebrates,  including 
man, harbor  Escherichia  coli in  the  intestinal tract; now and then local 
inflammations are set up by this bacterium, but its pathogenicity for animals 
is generally slight (15). 
Another point of interest is  that  the active agent is not detectable in 
normal mice in their fetal stage to the age of 12 days.  At the age of 20 
days  it  becomes demonstrable,  somewhat irregularly,  however,  and  the 
irregularity is again observed in old mice (from 2 to 6 months of age  or 
older).  The loss of virus in older animals is correlated with the  findings 
of Theiler and Gard (7) that with time carriers become free of virus.  The 
onset of the carrier state at about the weaning period would imply at first 
glance contamination of the intestinal tract by food containing the virus-- 
since feces are also infective--but this has yet to be definitely determined. 
At any rate, the persistence of the carrier state is not due to virus-contami- 
nated food (7). 
The intestinal virus derived from normal mice resembles in  many of 
its properties  Theiler's  virus  as it is recovered from spontaneous mouse 
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in respect to cross-active immunity (passive immunity, i.e.,  serum-neutrali- 
zation tests are not as yet available for want of a suitable method) ; to clinical 
reaction and pathological changes; to susceptibility of the mouse but not 
of  other  laboratory  animals,  including  the  monkey;  and  to  other char- 
acteristics,  such as size which is the same for both viruses, as determined 
by Theiler and Gard (9).  The intestinal virus can,  therefore, be regarded 
as a strain of Theiler's virus, and of the different strains hitherto described 
(7, 9) it belongs among those having a low invasive capacity after peripheral 
inoculation,  although  the  pathogenicity  of  the  intestinal  and  the  spon- 
taneous active agent after intracerebral inoculation is the same. 
By the methods used in this investigation, normal mice of definite age 
reveal the presence of the virus uniformly and regularly in the intestinal 
contents.  As Theiler and Gard (7) and we have shown, it is also recoverable 
from the walls, especially of the small intestines, but from what particular 
structure therein is still unknown.  The contents, however, exhibit a higher 
percentage of incidence of paralysis than do the walls in the same dilution, 
respectively, used for animal inoculation.  Furthermore, the active agent 
is found in  the mesenteric glands but  by  the means here employed less 
regularly than in either contents or wails of the small intestine.  No virus 
has as yet been recovered from the central nervous system of normal mice 
(7,  11,  12); it can be recovered from this tissue only of paralyzed animals. 
In relation to the presence of virus in intestines and mesenteric glands, no 
distinction can be made between normal and paralyzed mice; both harbor 
it to the same degree. 
Moreover, in the large numbers of mice used for experimental purposes 
in  our  laboratory  and  injected  intracerebrally  with  viruses  other  than 
Theiler's, or with a  variety of non-virus materials,  no increase in the in- 
cidence of spontaneous encephalomyelitis has been observed to follow such 
inoculations.  So that the artificial production of injury to the brain does 
not in itself create the stimulus for centripetal progression of the peripherally 
located virus. 
Whether the virus is produced in the mesenteric glands whence it progresses 
to  the  intestinal  contents,  or  reversely,  from  contents  to  glands,  is  still 
unknown.  Nor is it established as yet why in the rare animal, one among 
4,000 or 5,000  (7,  12), the virus invades and then multiplies in the central 
nervous system, thus producing paralytic,  spontaneous encephalomyelitis, 
although the virus is present in practically all of them. 
CONCLUSIONS 
Every experiment with the contents of one, or with those pooled from 
two to five of the normal stock of Rockefeller Institute strain of albino mice, PETER  K.  OLITSKY  127 
1 to 2 months of age, revealed the presence of a  virus which, after intra- 
cerebral  inoculation  into  normal  mice,  induced  characteristic  paralytic 
encephalomyelitis, indistinguishable from Theiler's disease.  No difference 
was seen in this effect of intestinal contents deriving from animals paralyzed 
during the course of spontaneous encephalomyelitis and from normal mice. 
The influence of age on carriage of virus, as well as on the persistence of the 
carrier state, is discussed. 
The present, as well as previous work has shown that the virus found 
in normal (or paralyzed) mice is similar to that of Theiler's disease in all of 
its properties thus far investigated; among the strains of the latter now at 
hand it  can be  classified with  those having a  low degree of invasiveness 
after peripheral inoculation. 
The virus has thus far been recovered from intestinal contents, intestinal 
wails, and mesenteric glands but not from the central nervous system of 
normal mice; from these sites, as well as from the central nervous system, 
in paralyzed mice.  In order of concentration of virus, the contents have 
more, the wails less, and the glands least. 
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